Summary. ScSp phases are examined with special reference to their amplitude variations over seismograph networks in the Japanese Islands. ScSp of relatively large amplitude are observed along the Pacific side of the Japanese Islands. Amplitude ratios of the ScSp with respect to ScS are explained in terms of ScS-to-P conversion at the upper boundary of a descending Pacific plate which dips at about 30" and whose seismic wave velocity is between 5 and 10 per cent higher than that of the surrounding mantle. Large-amplitude ScSp are observed at stations nearest the Kurile or Japan trench. The amplitude ratios of ScSp/ScS are found to decrease rapidly with distance inland from the trench. An estimate is made of the effects of sharpness of the conversion interface, the incident angle of ScS upon it, and lateral variations of anelasticity within the asthenosphere overlying the descending Pacific plate, upon the ScSp/ScS ratios. We show that the sharpness of the conversion interface is the dominant factor. This result implies that the nature of the ScS-to-P conversion interface varies with distance from the trench or equivalently with depth. The presence of a low-velocity zone in the vicinity of the conversion interface is inferred from the relative polarity between ScSp and ScS observed at the stations on the outermost side of north-eastern Japan.
Introduction
The oceanic plate is considered to be currently downgoing into the deep mantle beneath island arc regions (Oliver & Isacks 1967) . The occurrence of earthquakes and volcanism, which are the most striking phenomena observed there, are closely related to the sinking of the oceanic plate.
Andesite magmatism in island arc regions has been explained in terms of the following mechanisms: (1) partial melting of the subducted oceanic crust overlying the lithospheric plate (Ringwood & Green 1966; Ringwood 1977) ; ( 2 ) dehydration of the subducted oceanic crust and partial melting of the overlying asthenosphere under hydrous conditions (O'Hara 1965; McBirney 1969) . The oceanic crust is, however, about 6km thick near the Japan trench (Ludwig et al. 1966) . Therefore, it is difficult to detect the oceanic crust by traveltime analysis if it is subducted into the deep mantle.
Reflected or converted waves are suitable for studying the fine structure of the velocity and density discontinuity if their amplitudes or waveforms are well calibrated. Longitudinally polarized precursors to ScS phases have been observed in Japan (Okada 1971; Hasegawa, Umino & Takagi 1978; Okada 1979; Nakanishi 1980 ) and western South America (Snoke, Sacks & Okada 1977; Snoke, Sacks & James 1979) , and have been used to locate the upper boundary of the downgoing lithospheric plate. The phases have been named ScSp. Amplitudes and waveforms of ScSp have been examined to elucidate the fine structure of the upper boundary of the descending lithospheric plate (Okada 1979; Nakanishi 1980) . No systematic survey of ScSp amplitudes in island arc regions, however, has been performed yet.
This paper presents the results of an extensive examination of amplitudes of ScSp observed in the Japanese region. The coverage of our ScSp observations over the Japanese Islands is very complete as compared with previous studies. The most important observations of this paper, which allow quantitative comparisons with theory, are the amplitudes of the ScSp phases from the Pacific plate in Hokkaido, north-eastern and central Japan. Our data for the Philippine Sea plate in central and south-western Japan are not so good that we can quantitatively discuss the variations of amplitudes of ScSp. Therefore, we use these data only for the determination of locations of the ScS-to-P conversion interfaces.
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The Japanese Islands are covered by numerous seismological stations, most of which belong to the Japan Meteorological Agency (JMA) and national universities. We used the following types of seismographs: JMA 59-type electromagnetic seismographs with visible recorder (abbreviated to 'VI' in this paper), WWSSN short-period seismographs at MAT (Matsushiro) and SHK (Shiraki) (abbreviated to 'WWSSN-SP'), Hagiwara electromagnetic short-period seismographs (abbreviated to 'HES I-l'), and other electromagnetic short-period seismographs of microearthquake observatories of universities (abbreviated to 'SP'). Figs 1, 2 , 3, 4 and 5 show locations of the stations from which we obtained the seismograms used in this study. The stations of the JMA and the university microearthquake observatories are represented by circles and triangles, respectively, in these figures.
The high-sensitivity microearthquake observatory networks constructed by the Japanese earthquake prediction programme have recently become more dense than the JMA network. However, for the study of ScSp phase, the JMA network gives us more complete data since most of the university networks use trigger systems, which turn off before ScS.
We chose four events for this study from seven nearby deep earthquakes used by Nakanishi (1980) . These events are most adequate for ScSp study, since they generated sufficiently large ScS phases, but did not generate the oscillatory motions that might mask ScSp phases Map showing the locations of seismograph stations in central and south-western Japan (area MNOP in Fig. 1 ). Conventions same as in Fig. 2 except for the meaning of the closed symbols. They mean only that we judged the ScSp phase to be well-recorded and do not necessarily imply that the amplitude ratio is greater than 0.2 as for ScSp from the Pacific plate (Figs 2, 3 and 4). The leading edge of the subducted Philippine Sea plate inferred by Shiono (1974 Shiono ( , 1977 ) is shown in the figure. The cross-section of the area QRST is shown in Fig. 14. preceding ScS arrivals. The locations of these earthquakes are indicated in Fig. 1 . Table 1 fists their origin times, locations, and body wave magnitudes mb.
Amplitudes of ScSp phases
3 ScSp phases from the Pacific plate Arrivals of ScSp are not so clear on seismograms from the stations other than those along the Pacific coast of the Japanese Islands. Therefore, a systematic examination of seismograms is essential to studying amplitude variations of the ScSp arrivals. ScSp phases resulting from ScS-to-P conversions at the dipping upper boundary of the Pacific plate are observed in Hokkaido, north-eastern and central Japan. We analysed seismograms from the stations in these regions in the following systematic way.
I D E N T I F I C A T I O N O F S c S p P H A S E
The ScSp phase has the following characteristics (Okada 1971 (Okada , 1979 Snoke et al. 1977) : (1) the ScSp phase shows a clear arrival on the vertical component only; (2) differential travel times between ScS and ScSp are approximately constant for a given station regardless of the locations of earthquakes; ( 3 ) the horizontal particle motion of the ScSp phase is in the direction perpendicular to the strike of the deep oceanic trench. We can determine the direction of maximum dip and the location of the conversion interface from the horizontal particle motion of ScSp phase and from the differential travel time Tscs -Tscsp, respectively. We analyse first the seismograms from stations CHO (Choshi), MIT (Mito), MTJ (Tsukuba), DDR (Dodaira), and MAT. These stations are situated in the Kanto region near the southern end of the north-eastern Japan arc. The locations of these five stations are indicated in Fig. 4 . Fig. 6 shows ScSp phases observed at the stations. Clear arrivals of ScSp are seen on I. Nakanishi, K. Suyehiro and T. Yokota the vertical component, and there is also an indication of ScSp on the east-west component at CHO, MTJ, DDR and MAT. The ScSp phases are absent from the north-south component. This implies that horizontal particle motion of the ScSp phases at these stations is approximately in the east-west direction. We examined the horizontal and the vertical particle motions of the ScSp arrivals in Fig. 6 , and found that the station-to-conversion point azimuth for every station is approximately west, in the direction perpendicular to the strike of the Japan trench (see Figs 1 and 4) . Examining seismograms of earthquakes other than those listed in Table 1 , we have confirmed that differential travel times between ScS and ScSp observed at each of the stations are approximately constant regardless of the locations of the earthquakes. We measured the differential travel time Tscs-Tscsp in an automatic way by the use of the Hilbert transform envelopes of E-W and U-D components of the seismograms presented in Fig. 6 . This method correlates the maximum-instantaneous amplitude points in the arrivals of ScS and ScSp, not their onsets. This implies that the differential travel time determined by the envelope method gives us an estimate of the location of the most discontinuous part of a conversion region. Reading the onset times of ScS and ScSp in Fig. 6 , we found that the difference of the onset is in good agreement with the differential travel time determined by the Hilbert transform method. Thus we may expect that this method gives us a reasonable estimate of the differential travel time in the case of a low-amplitude ScSp arrival whose onset time is difficult to be read. Original analogue data at CHO, MIT, MTJ and MAT were digitized at irregular intervals, and the digitized data were resampled at an interval of 0.1 s by using the cubic splines. Since it is difficult to digitize the seismograms from DDR ( Fig. 6e) , we estimated the differential travel time directly from the difference of the onset times between ScS and ScSp on the E-W and U-D components of the original seismograms. 
LOCATION O F S c S -T O -P C O N V E R S I O N I N T E R F A C E
We determine the location of the ScS-to2 conversion interface from differential travel time Tscs-T'scsp in the same way as did Okada (1971) , Snoke et al. (1977) , and Nakanishi (1980) . Incidence of the ScS phase upon the Earth's surface is assumed to be vertical. Calculated incident angles for the earthquake-station pairs used in this study are less than 5". We used the travel-time tables of Jeffreys & Bullen (1940) for the location of the conversion interface.
Since the station-to-conversion point azimuths are approximately iri the west, we consider rays of ScS and ScSp phases on the vertical sections in the east-west direction. hypocentres located by the International Seismological Centre (ISC) and locations of possible conversion points corresponding to the differential travel times determined above. The locations of conversion interfaces with different dip angles of 15", 25", and 35" are indicated in the figure. The differential travel time of 9.2 s for MTJ is an average of 9.6 and 8.7s for the earthquakes of 1967 August 13 and of 1974 February 22, respectively. The ScS-to? conversion interfaces are located in or slightly above the deep seismic zone. (Fig. 2) , KMU (Kamikineusu) (Fig. 2) , and SNR (Sanriku) (Fig. 3) . ScSp arrivals were missing on seismograms at many stations along the coast of the Sea of Japan. Hasegawa et al. (1978) have already noted the absence of ScSp at stations on the Sea of Japan side of Tohoku region, north-eastern Japan (Fig. 3) . They observed ScSp arrivals from the earthquake of 1975 June 29 (event 3 in Fig. 1 and Table 1 ) at stations HSK (Hashikami), MYKT, KGJ (Kitakami), and KWT (Kawatabi), but observed no ScSp arrival at FUT (Futatsui), OGA (Oga), HOJ (Honjo) and ATM (Atsumi) (Fig. 3) . Since the seismograph system used by them is triggered by the arrival on the vertical component, there is a possibility that weak ScSp arrivals were ignored by the trigger system. This observation, however, may indicate that ScSp arrivals on the Sea of Japan side are very weak as compared with those on the Pacific side. We adopt the following systematic procedure to search for ScSp phases at stations in Hokkaido, north-eastern and central Japan. Fig. 10 shows the relation between the differential travel time Tscs-Tscsp and the depth of deep seismic plane below the stations CHO, MIT, MTJ, DDR, and MAT. We estimated the depth of the deep seismic plane from the distribution of hypocentres in Fig. 8 . The differential travel time is then found to increase approximately linearly with the increase in depth to the deep seismic plane. This linearity has been pointed out by Okada (1979) . The solid straight line in Fig. 10 was determined by least-squares fitting. We assumed that the straight line passes through the origin. Using the depth of the deep seismic plane read from the contour lines in Fig. 1 , we predicted the differential travel time for all stations from the straight line in Fig. 10 . We searched the vertical component around the expected arrival time. However, this does not mean that we measured the amplitude of seismogram at that time. The line in Fig. 10 was used as only a guide line for seismogram search. Fig. 11 shows differential travel times for ScSp phases thus identified as a function of depth to the deep seismic plane.
S Y S T E M A T I C S U R V E Y O F S c S p P H A S E S

A M P L I T U D E V A R I A T I O N S O F ScSp P H A S E S
The relative amplitude of ScSp with respect to ScS was calculated for each ScSp arrival identified in Fig. 11 . We measured ScSp amplitudes on vertical component seismograms.
In Hokkaido, north-eastern and central Japan, amplitudes of ScS on the north-south, east-- west, and east-west components were measured, respectively. (Fig. 12) . These last three stations are situated near the junction between the two island arcs as Figs 1, 2 and 4 show. We will discuss the amplitude variations of ScSp arrivals later in detail.
4 ScSp phases from the Philippine Sea plate Utsu (1 969) has suggested the existence of the high-Q Philippine Sea plate in the uppermost mantle beneath south-western Japan from the examination of anomalous seismic intensities. Kanamori (1972) and Shiono (1974) have analysed travel times to show the existence of the high-velocity Philippine Sea plate underthrusting beneath south-western Japan. m o u e (1976) found reflected waves from the upper boundary of the descending Philippine Sea plate. Detailed investigations on velocity and attenuation structure in the uppermost mantle beneath central and south-western Japan, however, have been limited owing to a scarcity of seismic data until quite recently. The structure of the uppermost mantle under central and south-western Japan has recently been studied by using converted and reflected waves, seismx intensities, and three-dimensional inversions of P-wave travel times (Nakanishi 1980 
O B S E R V A T I O N S O F SCSP PHASES
We searched for ScSp arrivals in order to delineate the descending Philippine Sea plate in the uppermost mantle beneath central and south-western Japan. In this paper we also use the results of Nakanishi's (1980) work on ScSp phases observed in the Shikoku and Chugoku regions, and extend the research region to central and whole south-westem Japan. Fig. 13 shows examples of the ScSp arrivals which have been found in south-western Japan. In arrivals from the conversion at the upper boundary of the Philippine Sea plate are consistent with its low dip angle and low velocity as compared with the Pacific plate.
We should note here that ScSp phases have been found on seismograms from stations HIM (Mimeji) (Fig. 13d) , SHK, and MKW (Mikawa). Fig. 5 shows the leading edge of the subducted Philippine Sea plate inferred by Shiono (1974 Shiono ( , 1977 from the distribution of subcrustal earthquakes in the Kanto, Chubu, Shikoku, and Kyushu regions. This figure shows that subcrustal earthquakes have not been detected beneath stations HIM, SHK, and MKW. The ScSp phases observed at SHK and MKW have been analysed by Nakanishi (1980) . The observations of ScSp at HIM appear to be inconsistent with no seismicity in the uppermost mantle. We examined original seismograms of earthquakes other than those listed in Table 1 at HIM, and found many ScSp arrivals. The differential travel time between ScS and ScSp ranges from 5 to 6s. The ScSp phases observed at SHK have horizontal particle motion in the direction of N30"W (Nakanishi 1980) , but the ScSp phases at HIM except that from the earthquake of 1975 June 29 (Fig. 13d) do not show clear horizontal particle motions. The particle motion for this earthquake indicates that station-to-conversion point azimuth is in the north.
L O C A T I O N O F SCS-TO-P C O N V E R S I O N I N T E R F A C E
A dipping seismic zone in the uppermost mantle (focal depths less than 200km) beneath central and south-western Japan has been reported by Katsumata & Sykes (1969) Okano, Kimura & Konomi (1978) , and Shiono, Mikumo & Ishikawa (1980) . Our ScSp observations except those at SHK, MKW, and HIM are consistent with conversion points on the structure defined by the subcrustal seismicity.
The seismograph network system of Nagoya University has been used to determine the locations of hypocentres in the Chubu region (Fig. 5) (Yamazaki & Ooida, in preparation) . The regions of high seismic activity beneath the Chubu region are well separated into two groups, crustal earthquakes shallower than about 20 km and subcrustal seismicity dipping at about 15" in the N30"W direction. This dipping structure has been considered to be due to the subduction of the Philippine Sea plate. Two arrivals of ScSp are seen on the vertical component seismogram for the earthquake of 1977 March 9 recorded at NAG (Nagoya) (Fig. 13a) . The earlier and later arrivals may be considered to be due to conversions at the upper boundary of the Pacific and Philippine Sea plates, respectively. The differential travel time for the later ScSp arrival is 4.5 s. We determined the location of the conversion interface beneath the Chubu region by using t h s differential travel time. The location of conversion interface thus determined coincides with the dipping structure of subcrustal earthquakes beneath this region. Few subcrustal earthquakes occur beneath station Gif (Gifu) (Fig. 5 ) from which we found no ScSp phase.
The Chugoku is a unique region from the geological and geophysical points of view. It is well known that the upper boundary of intermediate-depth earthquakes just under the volcanic front in many island arc regions is located at depths of about l O O k m (Sugimura 1972) . This empirical law holds good in the Hokkaido, north-eastern Japanese, Izu-Bonin, and Kyushu-Ryukyu arcs, but does not hold in the Chugoku region, south-western Japan (Fig. 5) . Although the volcanism is inactive at present in the Chugoku region, the last activity of Quaternary volcanoes such as Daisen and Sambe occurred about 3700yr B P (Saji et al. 1975; Matsui & Inoue 1971) . The existence of late Quaternary andesite volcanoes in the Chugoku region has been an unresolved problem to Japanese volcanologists and geologists. Therefore it is very important to investigate the structure of the uppermost mantle beneath the Chugoku region. Fig. 14 presents the vertical cross-section of seismicity beneath the Shikoku and Chugoku regions in the direction of N3OoW-S30"E. This direction is perpendicular to the strike of the Nankai trough (Fig. 5 . The differential travel time for SHK is 5.3s. This value is an average of those measured for the earthquakes used in Nakanishi (1980) . The differential travel times determined by means of the envelopes in this study are 4.7 and 5.5 s for the earthquakes of 1967 August 13, and of 1974 February 22, respectively. The differential travel times at IHR (Ishihara) are about 3 s. Using these differential travel times we located the ScS-top conversion interfaces. The dip angle is assumed to be 15' beneath the Shikoku region, based on the dip of the subcrustal seismic zone. Since no subcrustal earthquakes have been detected beneath the Chugoku region, we estimated the locations of the conversion interface for different dip angles of 15", 25", and 35". Our ScSp observations at IHR and SHK do not necessarily prove the existence of a high-velocity plate, but indicate the presence of a large dipping discontinuity of elastic parameters in the uppermost mantle. Nevertheless, we can reasonably interpret this dipping discontinuity in terms of the upper boundary of the Philippine Sea plate subducted from the Nankai trough (Fig. 5) .
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Discussion
ScSp arrivals of relatively large amplitude are mostly recorded at stations on the Pacific side of the Japanese Islands from the volcanic fronts (Figs 2, 3 , 4 and 12) . Exceptions are those observed at HSS, MAT, and FUK. These stations, however, are situated near the junctions of two arcs. We note here that the distance from the trench axis to the volcanic front is large at the junctions (Figs 1, 2 and 4). The deep seismic zone is located at depths of about 200km below the intersection point between the north-eastern and Izu-Bonin volcanic fronts (Fig. 4) . We evaluate effects of the following factors on the ScSp/ScS amplitude ratio: (1) Differences in seismic wave attenuation between the ray paths of ScSp and ScS. The ScSp ray passes through a portion of the mantle beneath the island arcs that is farther inland from the trench than the mantle traversed by the ScS ray, (2) Differences in incident angles of ScS upon the conversion interface. The incident angle influences both the conversion coefficient and geometrical focusing due to the dipping conversion interface, (3) Sharpness of the conversion interface.
I Seismic wave attenuation
Anelastic dissipation of seismic waves within the asthenosphere overlying the inclined lithosphere has been studied by Okada (1977) and Hasegawa et al. (1979) for the Hokkaido and Tohoku regions, respectively. They applied the S-top spectral ratio technique to direct S-and P-waves from the intermediate and deep earthquakes. According to Hasegawa et ~l . , the wedge portion of the upper mantle overlying the high4 inclined lithospheric plate can be divided into three portions: a high-Q (Qs -1000) wedge below the aseismic front (Yoshii 1975) , an intermediate-Q (Qs -350) mantle below the region between the aseismic front and volcanic front, and a low-Q (Qs -100) mantle below the region between the volcanic front and the coast of the Sea of Japan. Okada (1977) has proposed a similar Q-model for Hokkaido. The ScSp phase goes through a lower-Q path than the ScS phase for these Q-models. This does not necessarily imply that ScSp attenuates more strongly than SCS. It is generally accepted that Qp -(9/4) Qs and V, -4 3 Vs. If we adopt the Q-model of Hasegawa et al. (1979) , we obtain tZCsp -tic,. t* represents the travel time divided by the path-averaged Q and parameterizes the attenuation rate of body waves. Thus the attenuation of ScSp may be considered to be comparable to that of ScS. We examined ScS arrivals recorded on the VI type seismographs over the Japanese Islands, but did not find any systematic variations in predominant periods of ScS in relation to the depth of deep seismic zone below the station. We conclude that anelasticity structure in the upper mantle may be ignored when we interpret the observed variations of ScSp amplitudes. 
Amplitudes of
Incident angle o f ScS upon the conversion interface
The incident angle for SV-to-P conversion has a strong influence on the conversion coefficient and geometrical focusing due to the inclined interface in the near-critical range. The calculated amplitude ratios between ScSp and ScS are about 0.2.5 for an incident angle of 35" and for velocity contrasts from 5 to 10 per cent. Both the conversion coefficient and geometrical focusing are taken into account. These values of amplitude ratio are compatible with those for ScSp observed at the stations on the Pacific side of Hokkaido, north-eastern and central Japan except URA, KMU, and MYKT (Fig. 12) . Similar values of ScSp/ScS were expected for the stations on the inner side of the Japanese island arcs. ScSp arrivals with amplitude ratios greater than 0.2, however, have been observed only at HSS, MAT, and FUK. The differences in incident angle of ScS upon the upper boundary of the Pacific plate are very small between the stations on the outer and inner side of the Japanese Islands. For instance the epicentral distances from the earthquake of 1977 March 9 to MYKT, OFU (Ofunato), and ISN (Ishinomaki) (Fig. 3 ) are 8..54", 8.5.5", and 8.50". On the other hand, the distances from the same earthquake to AOM (Aomori), AKI (Akita), and YAM (Yamagata) (Fig. 3) are 7.38", 7.15", and 7.91". If we assume that the Pacific plate dips at a constant angle beneath the Tohoku region, we find that the differences in incident angles are at most 1" between these stations. This is probably not a bad assumption (Hasegawa et al. 1979) . We cannot explain the observed variations of ScSp/ScS amplitude ratios in terms of those differences in incident angles.
Sharpness of conversion interface
The amplitude of the converted wave is a function of sharpness of the interface for a given wavelength or wave period. We estimate the effect of the sharpness on the ScSp phase in terms of a simple model of the transition zone between the subducting plate and the overlying asthenosphere, as illustrated in Fig. 1 .5. The transition zone is sandwiched between two homogeneous half spaces (lithosphere and overlying asthenosphere). We ignored the lower boundary of the lithospheric plate. The compressional velocity Vp, shear velocity Vs, and density p are assumed to be 10 per cent lower in the asthenosphere than those in the lithosphere. The velocities and density increase linearly with the increase in distance from the boundary between the asthenosphere and transition zone. Using the asymptotic wave solution by Richards (1971) we computed the frequency-dependent conversion coefficient in the frequency domain. The Fourier transform of the incident SV-wave was multiplied by the conversion coefficient, and was inverse Fourier transformed to obtain the converted P-wave in the time domain. Fig. 1 .5 illustrates the results of the computations for transition widths of 1, 5 , 9, 13, and 17km. The figure shows that the amplitude of the converted P-wave diminishes rapidly with the increase in transition width. If the transition zone were 10-20 km wide, no detectable signals would be generated from the conversion.
We conclude from the above discussions that the sharpness of conversion interface may be the factor causing the observed amplitude variations of ScSp. The variations of ScSp amplitudes thus may imply that the nature of the ScS-to2 conversion interface varies with depth.
The velocity increase with depth across the conversion interface ( Fig. 1.5 ) is the simplest model which explains the amplitudes of ScSp phases observed in Hokkaido, north-eastern and central Japan. This model, however, does not account for the relative waveforms between ScS and ScSp observed at several stations on the outermost side of northeastern Japan. The relative polarity at MYKT (Fig. 9b) and CHO (Fig. 6a) is not consistent with the simple model of high-velocity lithosphere underlying the low-velocity asthenosphere, but requires a velocity decrease with depth across the conversion interface. Correlations of the peaks and troughs of the waveforms are indicated in Figs 6(a) and 9(b). The effects of the sign of velocity change across the conversion interface are presented in Nakanishi (1980) . The polarity of the ScSp from the Pacific plate in north-eastern Japan is expected to be reversed in the case of velocity increase across the conversion interface with depth. The velocity reversal implied by the lack of a phase reversal is, however, inconsistent with the well-established idea that the compressional and shear velocities in the downgoing lithospheric plate are higher than those in the surrounding asthenosphere. The simplest model which resolves this apparent contradiction is a low-velocity transition zone which has a sharp upper boundary and a transitional lower boundary. Nakanishi (1980) has shown that a model of this type is consistent with observation of ScSp at MYKT.
So far the source mechanisms of the earthquakes have not been taken into account in our discussion of relative polarity. Since we have the seismograms of ScS at almost all the IMA stations over the Japanese Islands for the earthquakes for which the relative polarities between ScS and ScSp have been examined, it is easy to take the source mechanism into account. The sign of the first motion of ScS from the earthquake of 1977 March 9 is positive on the east-west component seismograms at all the JMA stations in the Tohoku region. The projection of the conversion point for ScSp observed at MYKT on to the Earth surface is located within the area surrounded by these JMA stations. Therefore the ScS phase which is converted to P and is observed at MYKT as ScSp has the same horizontal polarity as the ScS phase observed at MYKT. The same is true for the relative polarity between ScS and ScSp at CHO for the earthquake of 1977 March 9. Examination of waveforms of ScS thus shows that the observed relative polarity between ScS and ScSp at MYKT and CHO is due to a low-velocity zone in the vicinity of the conversion interface. This lowvelocity zone might be the oceanic crust subducted from the Japan trench. The degradation of sharpness of the ScS-to-P conversion interface might be due to variations of the nature of the subducted oceanic crust. Our interpretation of amplitudes and waveforms of ScSp phases may be a reasonable one, but we should note here that it is by no means unique. Thus the interpretation needs further confirmation. This confirmation could possibly come from broad-band observations of ScSp waves, other converted waves, and reflected waves. 6 
Conclusion
ScSplScS amplitude ratios have been found to vary in relation to the depth of inclined deep seismic zone below the stations where the ScSp phases are observed. These variations of ScSp amplitudes may imply that the sharpness of the ScS-top conversion interface varies with the increase in distance from the trench. A low-velocity zone in the vicinity of the conversion interface can explain the relative waveforms between ScS and ScSp observed at the stations on the outermost side of north-eastern Japan. These characteristics of fine structure in the vicinity of the conversion interface might be explained in terms of the subducted oceanic crust and variations of its nature.
